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Abstract 
Computed Tomography (CT) is one of the most important 
means of medical diagnosis and the quality of CT image 
can be seriously affected by metal artifacts. How to use CT 
image segmentation to extract the focused region is a 
classical difficult problem in this research field. According 
to the principle of CT reconstruction, after the medical 
image segmentation, projection of the metal part by 
compensation can improve the image quality. This paper 
first introduces the causes of the metal artifacts as well as 
the principle of CT image reconstruction. Then，it mainly 
discusses the simple and iterative threshold segmentation to 
solve metal artifacts. Corresponding comparison shows that 
the proposed method in this study has better segmentation 
effect based on the experimental results. Finally, the 
prospect of medical image segmentation is predicted to 
indicate future research work. 
Keywords: metal artifacts, image segmentation, image 
quality, threshold segmentation. 
1. Introduction  
Nowadays, X-ray Computed Tomography (CT) has 
become one of the most important diagnostic tools in 
medicine. After the X-ray attenuation, coefficients through 
a cross-section of an object are measured in different 
directions and the distribution of the X-ray attenuation in 
this cross-section is calculated by a computer. It will help 
doctors to detect a focused, position of a human body. The 
attenuation coefficients of the focus are always different 
from the normal conditions. On account of metal object’s 
attenuation to the diagnostic X-rays is much greater than 
soft tissues ,bones, and so on, so fewer photons can reach 
detectors. Before scanning, patients need to take off the 
metal objects, but many metal objects are difficult to 
remove such as dental fillings, hip prostheses, these metals 
produce metal artifacts. It is well known that when the 
filtered back-projection (FBP) method is used to reconstruct 
images, the projections must be complete 
[1]
. But when 
images have metals, pronounced dark and bright streaks are 
produced in the reconstruction. These artifacts seriously 
degrade image quality. Especially near metal areas, this 
problem makes diagnosis very difficult.  
Considering the basic principle of CT reconstruction 
images, there are two methods to remove the undesirable 
affects within the metal artifact field. The first method is 
based on the view point of projection compensation. Some 
projections of metal object could be distorted or missed. 
Before reconstruction, compensation for the missing data is 
needed. And the method of projection compensation is 
based on linear interpolation. The second method is based 
on the view point of reconstruction method. The iterative 
reconstruction methods include the algebraic reconstruction 
technique (ART) 
[2] 
and the other two approaches—MLEM 
[2] 
and OSEM 
[3] 
based on statistical iteration. During the 
projection compensation process in metal area, the first step 
is the image segmentation to discover the metal area, and 
then conduct projection again in this area. To this range of 
projection data, we will use interpolation to compensate the 
projection data. Generally, there are three medical image 
segmentation methods: (1) threshold segmentation method, 
(2) edge segmentation method, (3) region segmentation 
method
 [4]
 . 
In this paper, we are interested in segmentation of 
metal and normal tissue. We introduces principle of CT 
image reconstruction in section 2.Then, we mainly 
discusses the threshold segmentation in section 3.  
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2. The principle of CT image reconstruction 
2.1 Mathematical description 
Assuming the input X-ray is monoenergetic photon, it 
passes through a homogeneous material. We measure X-ray 
intensity on both sides of the incidence and emergence. As 
Lambert Beer law gives following formula-:  
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where I0 and I are incident intensity and emergent intensity 
of the ray respectively; Δx is the thickness of the material, 
μn (n = 1,2,…N) is the linear attenuation coefficient of the 
materials. The larger μ value, the more the X-ray’s 
attenuation. If an object composed of N kinds of materials 
which have different attenuation coefficients μn (n = 
1,2,…N),we consider Eq.(1) can be changed as the 
following formula for the object. 
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         Fig.1 Lambert Beer law- 
The transmissivity of the object is expressed in terms 
of absorbance which is defined as p. 
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When Δx closes to zero, p can be calculated with 
following integral. 
L xnp                      (4) 
In CT, p is the measured value of the projection. CT 
reconstruction problems can be regarded as a given line 
integral of the object. 
2.2 CT image reconstruction steps 
Step1: Based on the original projection data, 
reconstruct the original image which contains metal 
artifacts through the filter back projection algorithm. 
Step 2: In the original image segmentation out of the 
metal area, and perform the re-projection to get the scope of 
the metal area in the range of the projection. 
Step 3: Use linear interpolation method in that range of 
projection data, to get the projection data after 
compensation. 
Step 4: Make use of filter back projection algorithm 
based on the projection data of interpolation, and get to CT 
images after reconstruction. 
Step 5: Insert the metal part image into the 
reconstruction of image
 [5, 6] 
 
Fig.2 Algorithm flow chart for CT image reconstruction 
 
3.  Medical image segmentation  
3.1 Mathematical description 
Medical image segmentation is based on a certain 
similarity characteristics of medical image which could be 
divided into a number of regions. In the same region, the 
relevant characteristics show the consistency or similarity. 
But in different regions can show obvious differences. 
Generally speaking, there is at least a region of interest 
(ROI) in a meaningful image segmentation result. Medical 
image segmentation can be used with set theory model. An 
image I is considered a union of the above regions. 
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Where Rj is the jth region whose pixel satisfy all 
similarity constraint conditions. N is the number of areas 
after segmentation
 [7]
. 
 
3.2  Methods of Edge segmentation 
(1)Roberts Operator: The edge location precision is 
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relatively high by using a local difference operator to search 
for the edge, but it is easy to lose a part of edges, 
meanwhile, it doesn’t have the ability to suppress noise for 
the image smoothing hasn’t been done. 
(2)Sobel and Prewitt Operators: Sobel and Prewitt 
operators are to carry out the weighted smoothness to the 
image firstly, followed by the differential operation, but part 
of the smooth weight values is different, therefore, they 
have certain ability to suppress noise, however, they cannot 
completely eliminate false edges existing in the detection 
results. 
(3)Laplacian Operator: This algorithm is pretty sensitive to 
the noise, which enhances the noise component, but easy to 
lose part of the edge directional information, causing not 
only the discontinuous edge detection but also poorer 
capability of noise immunity. 
(4) Canny Operator: Although it is an edge detection 
operator derived based on ideas of optimization, the actual 
effect is not necessarily the most optimal. The reason is that 
there are always many inconsistencies between theory and 
practice. This operator adopts Gaussian function to do the 
image smoothing, therefore, it has better ability to suppress 
noise, but in the meanwhile, it will also smooth all 
high-frequency edges into a flat, causing edge losing.  
 
3.3 Simply threshold segmentation method 
Threshold segmentation is a common method for 
separation of object and background in an image. The 
method is essentially based on the statistical characteristics 
of one dimension gray-level histogram method
[8]
.It is 
simple to use one or several threshold image gray histogram 
divided into two or more paragraphs, and the image gray 
values in the same period of all the pixels belonging to the 
same object. The traditional threshold segmentation method 
usually uses the one dimension gray histogram to determine 
one or more threshold. Ideally, according to the gray-level 
histogram, direct selection of the appropriate threshold can 
be very effective in distinguishing different types of 
organizations (such as the CT image of the skin, bones and 
other hard or soft tissue), but in most cases, a simple 
threshold method can't get correct segmentation. Especially, 
the image contains multiple metal elements. The 
segmentation in Fig.3 of T=110 doesn’t have reasonable 
threshold values, so it falsely considers some pixels as the 
goal region as the goal region, or loses some target pixels. 
T=180 has better results, but some targets are miss. The 
reason for this is that a one-dimensional histogram of the 
image is the occurrence frequency of each pixel gray value 
in an image, but it does not reflect a grey value of pixels 
corresponding to the position and the characteristics of the 
neighborhood. It ignores the spatial neighborhood 
information. In the gray-level histogram, there may be no 
significant statistical characteristics. How to determine the 
optimal threshold segmentation is still a challenging 
problem at the current stage. 
3.4 Iterative method for optimal threshold segmentation 
Iterative method is based on the optimal 
approximation and iterative process to choose a best 
threshold to realize image segmentation. The basic 
algorithm is as follows: Statistics of the maximum and the 
minimum of each pixel in the image: Gmax and Gmin. 
Iterative control variables is k , and the threshold value is 
determined by 
( )max min
2
G G
T
k


             (7) 
When k =0, it looks as the initial threshold, According to Tk, 
make image segmentation of target and background region. 
The average grey value of the two regions is M0 and M1. 
Make the iterative control variables k = k+1, to get the new 
iteration threshold Tk+1. 
 
(a) T=100 
 
 
(b) T=180 
Fig.3 Simply threshold segmentation method 
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Fig.4 Iterative optimal threshold method 
 
Conclusions 
Human beings have developed a variety of medical 
image segmentation methods to solve the problem of metal 
artifacts. How to make use of the various methods has 
become a major issue in this research field. Different 
methods of medical image segmentation show a large 
degree of difference in performance. The development 
trend highlights accurate, rapid, robustness and adaptive 
segmentation 
[9]
. Because of the complexity of metal 
images, the general method cannot meet the requirement for 
practical use and new theories and techniques are needed, 
Researches are facing many challenges. There is still a long 
way to go for the wide spreading application of new 
technologies in clinics. With the continuous development of 
computer technology and the application and improvement 
of various new theories, as well as medical image 
technology, we believe that the medical image segmentation 
technology will constantly mature
 [10]
.as new theories are 
integrated into the field. 
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